The recent experimental results on leptonic D 
Introduction
In the Standard Model (SM) of particle physics, the decay rate of D 
where G F is the Fermi coupling constant, m ℓ is the mass of the lepton, and m D 
where q 2 is square of the four-momenta transfer, p π(K) is the three-momentum of the π (K) meson in the rest frame of the D meson, and X is a factor due to isospin, which equals to 1 for D 0 → π − e + ν e , D 0 → K − e + ν e and D + → K 0 e + ν e , and equals to 1/2 for D + → π 0 e + ν e .
With precision measurements of these decay rates one can more precisely determine the decay constants f D and f π(K) + (0) can be used to validate LQCD calculations for these quantities, which can improve determinations of the CKM matrix elements |V ub |, |V td |, and |V ts |. As a consequence, the uncertainty in the overall constraint on the unitarity triangle of the CKM matrix can be reduced. These can be used for more stringent test of the SM and search for New Physics beyond the SM. 
Decay constants
Historically the MARK-III, BES-I, BES-II, CLEO-c and BESIII Collaborations studied the leptonic D + decays, but only the BES-II, CLEO-c and BESIII Collaborations observed significant signal events for D + → µ + ν µ decays, and both the CLEO-c and BESIII Collaborations made precision measurements of this decay branching fraction. Table 1 summarizes B(D + → µ + ν µ ) and some related quantities measured at the CLEO-c [4] and BESIII [1] experiments. The average of these two values of the measured branching fraction and related quantities [5] are also summarized in Table 1 . 
3.82 ± 0.32 ± 0.09 N/A 206.2 ± 8.6 ± 2.6 N/A BESIII [1] 3.71 ± 0.19 ± 0.06 45.75 ± 1.20 ± 0.39 203.2 ± 5.3 ± 1.8 0.221 ± 0.006 ± 0.005 Average [5] 3.74 ± 0.17 45.92 ± 1.04 ± 0.15 203.9 ± 4.6 ± 0.9 0.216 ± 0.005 ± 0.001 Table 2 summarizes branching fractions for D + s → ℓ + ν ℓ decays and relative branching ratios for D + s → µ + ν µ decay measured at different experiments. These measurements can be divided into three kinds of measurements, such as direct (D), precision (P), and relative (R) measurements, which are labeled as D, P and R in the last column of Table 2 |V cs | = 252.0 ± 3.7 ± 1.8 [7] . Similarly, fitting both the direct (D) and the precision (P) measurements of these branching fractions, or only fitting the precision (P) measurements of these branching fractions yields corresponding values of f D Table 3 . Dividing f D + |V cd | = (45.92 ± 1.04 ± 0.15) MeV [5] by |V cd | = 0.22522 ± 0.00061 from global fit in the SM [6] yields [5] Table 2 by |V cs | = 0.97343±0.00015 from global fit in the SM [6] yields [7] f D + s = (258.9 ± 3.8 ± 1.8) = (258.9 ± 4.2) MeV.
As a comparison Table 3 determined by separately fitting the branching fractions in group DP and in group P, where the statistical and sys- 
0.68 ± 0.11 ± 0.18 D CLEO-c [10] 0.565 ± 0.045 ± 0.017 P BaBar [11] 0.602 ± 0.038 ± 0.034 P Belle [3] 0.531 ± 0.028 ± 0.020 [12] 0.23 ± 0.06 ± 0.04 1.04 ± 0.27 ± 0.18 ± 0.09 R CLEO-II [13] 0.173 ± 0.023 ± 0.035 0.779 ± 0.104 ± 0.158 ± 0.069 R BaBar [14] 0.143 ± 0.018 ± 0.006 0.644 ± 0.081 ± 0.027 ± 0.057 [15] 7.4 ± 2.8 ± 2.4 D OPAL [16] 7.0 ± 2.1 ± 2.0 D ALEPH [9] 5.79 ± 0.77 ± 1.84 D CLEO-c [17] 5.58 ± 0.33 ± 0.13 P BaBar [11] 5.00 ± 0.35 ± 0.49 P Belle [3] 5.70 ± 0.21 determined by fitting different decay branching fractions in groups of DPR, DP and P shown in Table 2 .
258.9 ± 4.2 [7] 257.5 ± 4. [18] . Table 4 compares this determined ratio and other values of the ratio for which the values of f D + s are determined by fitting the branching fractions in group DP and in group P. The last two ratios shown in Table 4 are larger than the predicted ratio calculated in LQCD [18] by 2.6σ and 2.5σ, respectively. Table 3 and the average value for f D + determined from B(D + → µ + ν µ ) measured at the BESIII and CELO-c experiments.
Group of B(D
1.270 ± 0.036 1.263 ± 0.036 1.260 ± 0.036 0.033)% [19] . By analyzing differential rates of these two decays, they directly measured f π + (0)|V cd | = 0.1420 ± 0.0024 ± 0.0010 and f K + (0)|V cs | = 0.7196 ± 0.0035 ± 0.0041 [19] . The BaBar Collaboration recently reported a measurement of D 0 → π − e + ν e decays. From a data sample taken near 10.6 GeV, they observed 5300 D 0 → π − e + ν e decays and measured a relative branching ratio R B = B(D 0 → π − e + ν e )/B(D 0 → K − π + ) = 0.0702 ± 0.0017 ± 0.0023 and determined B(D 0 → π − e + ν e ) = (0.2770 ± 0.0068 ± 0.0092 ± 0.0037)%. They also measured f π + (0)|V cd | = 0.1374 ± 0.0038 ± 0.0022 ± 0.0009 [20] . Multiplying their measured f K + (0) = 0.727 ± 0.007 ± 0.005 ± 0.007 [21] by |V cs | = 0.9729 ± 0.0003 used in their paper yields f K + (0)|V cs | = 0.707 ± 0.007 ± 0.005 ± 0.007. In 2008, the CLEO-c Collaboration studied the semileptonic decays of D 0 → π − e + ν e , D 0 → K − e + ν e , D + → π 0 e + ν e and D + → K 0 e + ν e by analyzing 818 pb −1 data taken at 3.773 GeV. They measured f π + (0)|V cd | = 0.150 ± 0.004 ± 0.001 and f K + (0)|V cs | = 0.719 ± 0.006 ± 0.005 [22] .
The Belle Collaboration made measurements of D 0 → π − e + ν e and D 0 → K − e + ν e decays in 2006. By analyzing 282 fb −1 data taken at 10.58 GeV they measured the form factors f π + (q 2 ) and f K + (q 2 ), and determined f π + (0) = 0.624± 0.020± 0.030 as well as f K + (0) = 0.695 ± 0.007 ± 0.022 [23] . Figure 1 shows comparison of these measured form factors along with theoretical predictions for these two form factors. Beyond these four measurements of differential decay rates, many other experiments measured some other quantities rather than the differential decay rates. In order to reduce the experimental uncertainties in |V cd | and |V cs |, several authors analyzed all existing measurements of these leptonic D + (s) and semi-leptonic D decays to extract |V cd | and |V cs |. By globally analyzing all existing measurements together with the recent most precision values for these form factors and decay constants calculated in LQCD, they extracted [5, 7] |V cd | = 0.2157 ± 0.0045, |V cs | = 0.983 ± 0.011, which are the most precise determinations of |V cd | and |V cs | up to date. Figure 2 shows comparison of these extracted |V cd | and |V cs | as well as other ones given by the HFAG * along with the values from PDG2014. 
